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ABSTRACT

T achieve an ecooomocal design of matural gas pipetine it s necessacy 10 (o 4 detstled anadysis

the translents caused by various operating fow coodaions In this work, unsteady flow i nseuckd
pipeline wis modailod as ooe dimenshonal frictional Dow with the effect of how tramsfer included. The o
wiss used o compute the low I & ruptared usderwiger gas pipeling, The predicted mass Oow rates ﬁ.
(e pipeline were betwoen 8 and 25 % higher than the results obtained earlier for isochermal unsteady ‘:'
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1 Introduetion
Pipelines ane commanly used (o transpart and distribute nacural gas in many sountrics becusse th Y

‘e more enorgy efficient taan ceher msethods of tansportiag natursl gas, Trasients nthQ :

plpelines during filling and lise peessurizaicn, wmigeocy shut down, gas blaw down lnl

depressurization processes. Usnstealy flow mﬂmmhhp@dludwlwmﬂ

compressars e ranning of doe to fducmation i Jeenand for natural gas by the comsumers. Annmlld

of transient in natural gas pipeline rewaliing i comsic rable risk to the unvaronment may ocear due o an

anespected sodden bread in the pipeline

It s wpartant 1 be shle o 30 o detailad sealysis of the trumsizats caased by varlous possible

ag cunditions 10 avokd using an unnecessarily high facor of safecy and thereby achieve an ecosomical

ign af the pipeline [1), In the case of pipel ine rapture, # is necessary w know the rate of loss of gas from

e break o calculate the dispersion range and ground concentraion of the wir-gas mistuce asing froo the

‘ . This is necessary in & hazard analysis 10 determioe the srex exposed 10 fice rsk, '

A break divides the pipeline o two segmests: (e high pressure segment in which the flow |

gontinues in the original ditection and the low pressere sepmeni in wiich How revenal ocoars after the

e A mare detalled discussion of the faw in x pipeling after ruprars can be found dsewhors |2, 3]

Flan [2) developed 4 method of charasteristics to compute unsteady adisbare fow of sanural gas

In & lomg pipetine following sudden hreak Becawse of the very high gradients of flow varisbles near the

ure he did not start s cosmguiaeion trom che momeet the rupture accurred, he allowed the sxpacsion

e 10 el @ sbart distance wao the pipelise defore the cowputation commenced. |

Lasog (3] used spectral codloeation method he computy unstesmdy sothermal anl adiabatic Hows n !

red nacural gas pipeline. His method producsd uscillanons in the fiw rates ot of the pipeling i the

b Olocusamatye and Tmvide (4,57 used o method of duarmteristics s compate ansteady isothermal flow o
waewral s pipelines, [n the case of pipoline rupture, theit methid could handle the flow in the pipelise
p the mament the rapiure occurred.

 With isothermal flow assumptian, hew transer hetween the gas in the pipeline and the amblest iy
mited anid (ifferences in temperature are immedistely equadized, wheress adiabans: Now assemption does
Mlow heat exchange with the civironment. The real flow case lies between adishatic and iscthermal
work coported in this paper is an attecspt 1o model e Bow more realistically by including the
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momentum, and peergy are

1 3 au
AR (1)
1df  du M . e
2o Ot Yox S 1

g—gou%-%%%-%‘%g-qour (8)'
In these equitions, F = 2fuuldl, p = densicy, t = time, o = velocity, x = axisl distance, P = pressure,
F w frictionl force per uak sk, d = nderaml plps dismetss, f= Diwcy's frictlin facior, b = spiselie
enchalpy, and g = hest transfer tate per wnit muss, :

For the sake of simplicity. the natsral gas in the pipelise is assumed w beliave as 1 perfect gas. B
hiss been found that aseful tmlﬁmhenbﬂluduﬁg&epﬂauwmumlon 13 y
Far a peefect gas, '

p = pRT
and R =* 7T

whers R = specific gax constant, C, = specillc neat capacity at constant peessure anld T =
It can be shown thie the emropic equaion of state p = ply, o) & given by

p = (pRI)exp(sfc,) /pM

whore p. T, is the datum state ¢ which specific estrapy, s §s zero, C, iy the specific heat at ¢
wd y = CJC,.

Making use of egaatons (4) « (6) in (3) and using the resulting equatkn i (1), the ¢
obtained fram (3) and (1) and equation (2) ¢an be non-dimensonalized dwosng-hu ‘\_'._
tempecature (p,, T.). speed of sound (a, = (YRT 1), lengih of the pigedine segmen (1), an l

constant (R} as reference paramiers w get the following equatioss: e

L&P.ab’ aU-o-
oty My A S

as. 38.1_0. *
33 * Vay = 20 v 0P)
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m.r-m..z-wu,.u-u_..,x-,m_f‘- A, Q = g,
D= aRTp.. S = /R and A = ala,,

1 Numerici! Method
gm'mp.uns-wwmmm-@lmhmmw.%.
method of characteristics descrind in arllar works |4, 8]
The three charscteeistics carves of oquations (7} - (91 have reciproal slopes (U + A), (U - Ay and
U in the X Z plane. The characcsristics repchang 2 grid point are shown in Figure | .

Al

" N e 1 " '
(a) LEFT BOUNDARY (bl INTERNAL GRID lc) RIGHT BOUNDARY
GRID POINT POINT GRID POINY

RE | UHARACTERISTICS REACHING INTERNAL AND BOUNDARY GRID POINTS FOR :
SONICSONIC FLOW TO THE LEFT

chicacssristins having cecgwosal slopes (U + Ay, (LAY and U wre labelled OV, TV, and HV
vely. The finite ditference approxissatian of the computibidity equaticns along charactecistics OV,

L amd HY are respectively: e .
- e "

o, -0, }%-D]“(p, ~ Py~ lr‘ - ?‘%)waz

G, - Uy - -;1—0) w(r. - ﬁ,,. s - {r’ - V:DJ"“

’y’ 8' - ,Y.ﬂz
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value o the end points indicated by the two substrigas (see Figure 1),

4 Bowndary Conditions
Assumsing the changes causing wrsteady flow occur a the boft end, G instance In the case of

Mumm.ﬂd%wmm&myh’mu.

“v » - A' ‘13]
When the flow becomes sonsanic the coadition used is
P, - _2‘ (14)

whese P, = dimensionless amblent pressure,
Equation (13} or (14) is solved alang with equations (11} and (12} When the vutflow i the left end i sonlg,
the heat transfer and friction terms are dropped in equations (L) 4ad (12} 1o make the outflow isentropis
and thereby avedd the problem of singularity @ the broken end |2 Since this beatcopic Dow msuing on
applies only when the flow i sonic and only for the last grd node  the 1 ead, the assumption will o
affest the accuracy of the compotation appreciably sspecially when a high number of grid points are used
The dependent variables at the right end ace not atfected wothh tme 27 whea the wave arcives |
Hence,

U, (ZsZ*) = UplZ = 0)
Py {Z52Y) = 8,(2 = Q)

S, 125Z%) = S, {Z = O}

where U, Py and S are the flow variahles s the right end at e initad condicion. The valve at 15
tod of the pipeline segment is sssomed 10 be shut lmmedistely the wave reaches this position.

Uy (2321 = 0

Other boundary canditians which may be used ar eher end of the pipeline are pre
stath: pressure or velocity 38 function of tlme. The latter may be used to simvalue gradual valve closy
varislon |» demand of natarsl gas by coesumers, The other dependest variables mx specifiad ¢
obtained using the spproprisee compatibility eqaations.

5. Initial Cenditines
 The initial condition usad s the steady isothermal flow in the pipelise prios 1o dhe iniia
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wosteady fow. The inmial dsstributions of pressre and velocity in steady isothernal flaw
approximately by

‘ .
AX, 2 v 0y = Pul 1~ “:'f"' \ R
U(X, 2= 0) = DplUnd P X, 2 = 0) "914 I
where subscript “IN refers to mitial conditions w (b Jeft end 0f the pipeline, mmm |
dismater 1Y = §id,, " 1
The rate of heat transfer by comvection from wall 5o a grid node is 1
A= By (T - Ty (21)

where b = convective hea transter coefficlent at the innes surface of the pipe, a, = inner lateral surface
arest ol the pipe cetl, T, = the wall temperature and T, = gis tempecuture.
Diftes Boclter equation (6] for soavective hesn ramsfer for sieady flow in smoodh abes was used
% calculste A ‘

b, dfk = 0.023 Reg"Pro¢ f22),

where d = inner diameter of the pipeting, k = thermal conductivaty of the gas, Re = Roynolds mumbec and
» Prandd sumber. ' ol

A constumt Driction Bactor 1 = 00018 wisich was used by sarliee wockers |2, 5] for unsteady fow
in natoral gas pipelioe was also used o this wirk, T
The wall rperature was calostuad using the eguation

Tv‘.‘f «Ty ¢ ’:_g[ LT (Ta =T - B [Ty - 78]'
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or alr surrounding the pipeline.

7 Stabifity and Accuracy Criteria

The time step choses was

Az = 0.5 AX/A ¢ |0 125)

10 emsure that the CFL stability criterion i not vialated.
The mass balance ervor which was used 1o chack how well the global conservation of mass ls -

snisfled in the flow In the pipeline which was soggesiod by Flat (2] and used by the mthor carbier iﬂ J

givim by

2 g e (Rate of masa outflow ar both ends of pipeline
il (Maza in pipeline at Timp &,)(Ma=3 in pipeline at

The ideal value of this erroe is zero.

L3 Results nnd Discussion
The FORTRAN programmes writien were fun on SWAN 286/12 and 486725 [BM con

persanah compusers with math co-processocs using W ATFOR 77 compilers
T mssess the modd, it was used 10 compute tramsien fliw I o pipedine of M“:l

1w reservalrs, ane at the et end, the other M the right end. The pressure everywbere ia ik

2217 (P, -ﬁbur)bclnldwumupmuummeummrumnntmdw dich the pipel
The Teh csd of the pipeline was separated by s diaghragm from the reservolr theee which » %
of 17,64, Tbe-mllwgulcmpuamwmulKndlhclsinlhepupm iy
analmmnmthelcnuu-asmlw suddenly i time t= 0, After the transients wi
l!uﬂwmmcmpdlushwlmlewamadyowmmwﬂhl‘ the
can till 1= 1000 5, the fow hid hecoons steady with the pressure and velocny d
2. ‘The sesults ageee remackably uuwnhmmnuwrmm‘ .
gmmqumom(w)mdm)umbcmmmz
mwwmwmm-m:wm X
muwxcr.-mnn-mmuu , on o sisdy (ceher

-
-y
S R AT ANas

N}'I S
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FIGURE 2 PRESSURE AND VELOCITY DISTRIBUTIONS AT t = 0 AND t = 1000 s COMPARED
WITH THOSE FOR STEADY ISOTHERMAL FLOW IN A PIPELINE LINKING TWO RESERVOIRS,

@ SO'm 3epth). For the nataral gas, R = S18.3 Mg K and y = 1.53. The Maw in the papetine was initiskly
teady and isochermal until tme © = 4 when the pipe was completely hroken suddenly i the high pressure
'Nwﬂsolhdmowdﬂadm(heeullu'uvnunmudymhcmdmwmmdgu
s (4, 51
Figure 3 shows the mass flow race out of the repeured end versus time for the
ing different number of goid paints. Also shawn is the resalt obtained eaddier far isothermal unsteady flow
| T ﬂnwumMadummMnmdméelmlmr&nmumwuwumgmm
o (801 grid poins) by betwees § % and 25 5. Thi i 5o bocause of igher deusites (due 10 higher
1 ﬂmwmmemﬂmmmepmmmdd.ndaalabm»xmmmm
et than soehirmal sonic velocities, when the flaw i chakad a the left end.
MQMMpmdwmwummepWMuvmy tlmes. The poles ax which
e dld o mm:mmwum»uuammumuowmmm
he lsothermal flow simalacion this paint was found 1o be 4 dimensianless distance of 015 (5], A
g2 tomperature 3 low &5 (741 (65°C) was ahserved ar the rupeur el My“m
0 And it gradunlly inceeased 1 0.852 (-33.°C} by time ¢ = 300 5. -

fless 500 seconds
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FIGURE 3: PREDICTED MASS FLOW RATE AT THE LEFT END.
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FIGURE 4 PREDICTED PRESSURE DISTRIBUTION IN THE PIPELL "’ r
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trasler wore iocluded bas been presemed. mmm:unummmormmmm
gas pipeline duning the first S00 seconds predicted wsing the model mb«mldzssmﬂu
mwmmnmm-mwmmmmmmwmb
time interval, uuwdwubmmas'c-n-m-cm.mmwem'c

This work can be easily extended and applied o stody mwymwhmm.-m
subijected 10 heating environment such as may occur due o fire outhreak on an offshore placform, lutl
case £ would be pecessary 10 include the effects of radiative heat transfer.
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